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I.  OBJECTIVE 


The  purpose  of  Contract  DA-23-072-501  -ORD-48  was  to  carry  out 
studies  which  would  lead  to  an  improved  process  for  the  manufacture  of 
triethyl  neglycoldinitrate  (TEG DM).  The  studies  were  to  include  literature 
survey,  chemical  kinetic  considerations,  process  variables  such  as  tempera¬ 
ture,  concentration  of  reactants  and  reaction  times,  recovery  of  spent  acid 
and  process  economic  considerations.  The  process  developed  was  to  be 
described  in  detail.  General  pilot  plant  equipment  design  and  criteria  for 
material  of  construction  were  to  be  established.  An  attractive  process  should  - 

1.  Give  adequate  separation  of  product  and  spent  acid  phases  without 
diluting  the  nitrator  charge  to  the  extent  that  recovery  of  spent  acid  is  not 
economically  feasible. 

2.  Yield  a  spent  acid  which  is  stable  and  recoverable. 

3.  Obtain  a  yield  and  purity  of  product  at  least  comparable  to  the 
present  process,  and  acceptable  under  present  requirements. 

U.  INTRODUCTION 

TEGDN  has  come  into  prominence  as  a  high  energy  plasticizer  for 

nitrocellulose  and  cellulose  acetate  in  rocket  solid  propellant  because  of  its 

strong  plasticizing  property  and  relative  impact  insensitivity.  In  these  two 

r 

respects  it  is  significantly  superior  to  nitroglycerine. 

German  propellant  chemists  such  as  Major  General  Uto  Gallwitz  were 

m 

the  first  to  recognize  the  value  of  nitrated  glycols  in  gun  and  rocket  propellants 

and  exploit  this  advantage  in  full  scale  production.  In  contrast  to  the  catastrophic 
scarcity  of  nitroglycerine  in  Germany  in  World  War  I  (due  to  a  shortage  of 

glycerine  obtained  from  fats  or  sugar),  by  World  War  II  Germany  had  replaced 
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nitroglycerine  by  di  and  triethylencglycoldinitratc  in  gun  and  rocket  propellants. 
The  United  States  has  been  slower  to  shift  from  nitroglycerine  to  nitrated 
glycols  as  the  plasticizer  in  double  base  propellant  compositions.  Therefore, 
relatively  small  amounts  of  pure  TEGDN  have  been  manufactured  in  the  United 
States  and  practically  no  research  or  development  has  been  reported  in  English 
on  optimizing  either  the  batch  or  continuous  process  for  preparation  of  TEGDN. 
Picatinny  Arsenal  and  the  Naval  Propellant  Plant  have  manufactured  TEGDN. 
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III.  LITERATURE  SURVEY 


A  literature  survey  was  conducted  using  the  following  periodicals 
and  texts: 


Chemical  Abstracts 

Journal  of  the  American  Chemical  Society 

Journal  of  Physical  Chemistry 

Industrial  and  Engineering  Chemistry 

Memorial  des  poudres  et  saltpetres  (Paris) 

Or^anische  Chemle  -  Beil  stein 

Unit  Processes  in  Organic  Synthesis,  Fifth 
Edition  -  Groggins,  McGraw-Hill  (1958) 

The  Theory  of  Rate  Processes  -  Glas stone, 

Laidler  and  Eyring  -  McGraw-Hill  (1941) 

Textbook  of  Physical  Chemistry,  Second  Edition, 
Glasstone  -  D.  Van  Noatrand  (1946) 

The  Theory  of  Organic  Chemistry,  Branch  and 
Calvin  -  Prentice  Hall  (1941) 

Systematic  Inorganic  Chemistry  of  the  Fifth  and 
Sixth  Group  Non-metallic  Elements,  Yost  and 

Russell  -  Prentice  Hall  (1946) 

MlL-sTD-i!86  -  Military  Standards  of  Propellants 
Sampling,  Inspection  and  Testing  -  28  June  1956 

Properties  of  Explosives  of  Military  Interest  - 
Picatinny  Arsenal  Report  1740,  Rev.  1,  Tomlinson 
and  Sheffield 
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The  physical,  chemical  and  explosive  properties  of  TEG  BN  .©ported 
in  the  literature  are  listed  below.  (Lo*>ytr  case  letter  subscripts  refer  to 
the  sources  listed  in  Appendix  "A"). 

Structure:  O2NO-CH2CH2-'0-CH2CH2--O--CH2CH2-ONO2 

a. 

Color  and  Form:  light  straw  yellow  to  water  white  oil 
Molecular  Weight:  240.  172^ 


Pensity,  gm/ml,  16*C.  : 

1. 3291  c 

20  *C.  : 

1.33  a. 

22*C. : 

1.  327  d 

2S*C. : 

1.  32 

a. 

Melting  F-iint:  -19*C. 

a. 

Boiling  Point:  Decomposes  b 

7.  T 

Refractive  Index, 

1.4596 

c. 

17.5 

aD  ■■ 

1.4560  . 

a. 

n21 * 

1.4542 

D 

c. 

Viscosity,  6.0*C. 

0.257  Poises  c 

20.  3'C. 

0. 119  Poises 

54.  2*C. 

0.0415  Poises 

Volatility,  oO *C.  .  4^1  cm^ / hr :  40  ^ 

Impact  Sensitivity,  2Kg  Wt:^ 

B.'M.  Apparatus:  100+  cm 

P.  A.  Apparatus:  2  in. 
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Friction  Pendulum  Test:  . 

a. 


Steel  Shoe:  Unaffected 

Fibre  Shoe  Unaffected 

Explosion  Temperature,  5  second* : 

223*C. 

a. 

Heat  of  Combustion,  cal/gm: 

342«m 

Heat  of  Explosion,  cal/gm: 

357 

a. 

Gas  Volume,  cc/gm: 

851u. 

V*r  'r  Pressure,  25*C.  : 

0.  001  nvr.t  Hg 

Solubility  in  H^O,  gm/lQO  got: 

25*C.  0.  55  I  0.  66„ 

a.  c 

60  “C.  0.6*a. 


Solubility,  other  sol  vent  i  at  25* C. : 

Ethyl  ether:  isiiait* 

Ethyl  alcohol:  infinite 

Acetone:  infinite 

Methylene  chloride:  iafinitr. 

Hydrolytic,  %  acid  released: 

Afte.  10  days  at  22*C.  :  0.032% 

After  3  day*  at  60 *C.  0.029% 

The  decompoeition  temperature  of  TEOEN  ha#  been  measured  by 
Whittaker^  at  cae  atmosphere  and  found  to  be  22$ *C.  Steiaberger  and 
Cordei-g  menuird  the  surface  temperature  of  combuetion  of  TEQDN  at 
300  pci  and  found  it  to  be  approximately  300 *C. 
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Prtsteri^reporta  a  qualitative  method  for  the  analysis  of  ether-soluble 
constituents  of  propellants  by  infra-red  spectroscopy.  TECDN  was  character¬ 
ed  by  a  peak  at  8.85  microns  which  is  characteristic  of  the  adsorptioc.  of 
the  — -C  —  O— C  — ■  ether  bond. 

Medard  investigated  'He  shock  seneitivity  of  liquid  nitrate  ester*  and 

i  • 

reported  that  '1EGDN  waa  about  8.4%  a«  impact  sensitive  a  a  nitroglycerine. 

However,  sensitivity  to  shock  is  dependent  on  conditions  such  aa  confinement. 

The  heat  of  reaction  of  the  nitration  of  triathylene  glycol  to  yield  TEGDN 

has  been  calculated  (See  Appendix  ’  B")  and  found  to  be  11600  ealorles/gm- 

b. 

mole  of  TEGDN  formed. 

Triethyleue  glycol  was  first  prepared  in  1863  by  Lcurenco.  who  banted 

j. 

giycoi  with  ethylene  bromide  to  115-120*  in  a  sealed  tube.  Wurtz  later  that 
year  prepared  TEG  by  the  epoxy  condensation  of  glycol  and  ethylene  oxide  at 
100*C.  ,  and  subsequently  studied  the  nitric  acid  oxidation  of  the  TEG  to  it* 

1C  • 

corresponding  dibasic  carboxylic  acid.  The  glycol  was  nitrated  by  the  Germans 

m* 

and  Italians  in  World  War  II  and  used  as  a  plasticising  component  of  double -base 
rocket  and  gun  propellants. 

Tomlinson  and  Sheffield  report  the  following  method  for  the  laboratory 
preparation  of  TEGDN  developed  et  Pic  a  tinny  Arsenal. 

TEG  was  purified  by  fractional  distillation  under  vacuum  at  a  pot  tempera¬ 
ture  of  180*C.  and  a  take-off  temperature  of  120*C.  Aa  eighteen  inch  Vigeraux 
fractionating  column  was  used  with  a  five  to  one  reflux  ratio.  The  purified  TEG 
was  nitrated  at  O’C.  (4-  or  -  5*C. )  by  addition  of  the  glycol  to  Z.  5  paits  of 
65-35-5  HNO3-H2SO4-H2O  nitrating  mixed  acid.  TEG  was  added  at  the  rate 
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of  300  g m/HQ  minute*  after  wUck  the  mixture  wee  held  at  temperature  for 
another  30  minutes.  The  nitrating  mixture  wu  drowned  la  ice  water  end 
the  resulting  two-phaee  system  extracted  three  time*  with  ether.  The 
resulting  extract  »»i  water  washed  to  a  pH  of  4.  Sodium  bicarbonate  waehea 
followed  by  water  washes  .  esulted  in  a  nearly  neutral  ethereal  extract.  The 
ethereal  solution  w as  dried  over  calcium  chloride  and  the  ether  removed  by 
bubbling  with  dried  air.  The  yield  reported  was  84%  of  theoretical  with  a 
nitrometer  nitrogen  analysis  of  from  11.  60  to  11.44%  (calculated  11.67%). 

Aubertein  discussed  optimum  mixed  acid  compeelttMte,  ratios,  and 
reaction  timets  for  a  number  of  nitrated  glycels.^  He  found  that  the  HgSO^ 
lowered  the  solubility  of  the  nitrate  in  the  nitration  hath  and  thereby  increased 
yields.  Htiwevur,  sulfation,  while  slower  than  nitration,  was  sufficiently 
rapid  so  that  yields  went  through  a  maximum  with  time  and  than  fell  off  due  to 
sulfation  losses.  Aubertelh  also  reported  that  an  increase  a t  H^SO^  else 
increased  the  separation  time,  lowered  the  HNOj  content  of  the  product  and 
decreased  th«  stability  of  the  mixed  acid.  Sulfuric  acid  attached  TKQPN  to 
give  unstable  sulfate  esters. 

He  reported  that  increasing  the  total  mixed  acid  increased  the  degree  of 
nitration  and  solubility  loss  with  an  optimum  amount  for  maximum  yield, 
increased  mixed  auid  stability,  promoted  separation,  and  increased  the  HNOj 
content  of  the  product. 

Most  of  Aubertela's  nitrations  were  run  at  20*C.  For  the  addition  of  7$ 
grama  of  TEG  to  185  grams  of  mined  acid,  a  typical  cycle  required  ,2  minutes 


for  addition  with  two  mot*  rn.ia.ut*.,  lor  agitation  and  reaction.  He  reported 
no  advantage  to  drowning  before  separation.  Ih*  product  wti  found  to  ha 
49%  (ale)  HNO3  in  the  caae  a i  TIGDN.  Thia  HNO3  want  into  the  li rat  wash 
water  which  «u  a  15-20%  HjSOg  solution.  Auburtein  found  the  spent  acids 
too  unstable  for  storage  and  -acommoadad  immediate  and  preferably  coatinuoui 
denitration. 

Aubsrtein's  mixed  acid  for  TEGDN  had  the  following  compositions: 

HNO y  70%.  H,SO^:  28+%,  H  ,0:  tees  than  2%.  Hie  nitration  ratios  were 
75  gram*  TEG  to  185  grams  mixed  acid  or  one  part  glycol  to  i,  47  parts  mixed 
acid.  From  thia  reaction  he  reported  a  yield  of  84%. 

It  is  reported^  that  Pieatiaay  Arsenal  ha*  investigated  processes  for  the 
manufacture  of  TEGDN  using  a  nitric  acid/ sulfuric  acid  ratio  ci  75/25  with  a 
nitric  acid/ TEG  ratio  of  2/1.  Picatinny  Arsenal  found  that  increasing  the  nitric 
acid  decreased  the  solubility  of  the  TEGDN  in  tbs  nitrating  hath  and  increased 
the  spent  acid  stability.  They  reported  that  diluting  the  spent  acid  with  an  equal 
volume  of  95%  sulfuric  acid  resulted  in  markedly  increased  stability  of  the 
spent  acid.  Similarly,  dilution  of  the  spent  acid  with  nitroglycerine  span?  acid 
(which  is  higher  in  sulfuric  acid)  resulted  in  a  more  stable  spent  acid.  Drowning 
of  tbs  above  nitration  bath  and  neutralisation  before  separation  resulted  la  a 
reported  95%  yield. 

it  ha«  been  reported^  that  seme  British  workers  have  found  a  79/39  nitric 
acid/ sulfuric  acid  ratio  with  one  part  TEG  to  2.5  parts  of  acid  as  the  reaction 
ratio  gives  good  separation  end  a  spent  acid  catch  is  stable  for  1.75  hours  at 


These  workers  found  that  the  s t . 1 1 > i l i t y  of  diethylone  glycol  dinitrato  spent, 
acids  decreased  with  the  use  of  impure  DEG.  Where  the  water  content  of 


the  spent  acid  was  Zb.  S'fu,  the  highest  usual  value,  the  stability  at  20"C. 
for  from  j  to  *1  hours.  Adding  nitric  or  sulfuric  acid  to  the  spent  acid  to 
reduce  t lie  water  content  to  20Ju  increased  the  stability  to  24  hours  at  20" 


was 


C. 


Best  Available  Copy 
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IV.  EXPERIMENTAL  WOBK 
A.  Apparatus  Design 

A  versatile  nitration,  apparatus  lor  the  study  © l  the  TEGDN  rnsrti  — 

«a<  designed  and  built  with  due  consideration  of  the  exploeive  hasarde.  A 
schematic  diagram  of  this  apparatus  is  shows  1st  Figure  1. 

The  reactor  consists  of  an  interchangeable  stainless  steel  beaker  with 
a  quarter  inch  pipe  welded  to  the  bottom..  Reactors  of  the  following  capaci¬ 
ties  were  ted:  500  ml,  1000  ml,  1 500  ml.  The  reactor  sets  in  a  larger 
brine  jacket  which  cools  the  reaction.  This  jacket  connects  with  a  larger 
(approximately  25  gallon)  brine  reservoir  which  is  coated  by  a  one-third  H.  P. 
compressor  to  -20 *C.  A  secondary  hot  water  cell  in  the  brine  tank  ia  fad  hy 
a  hot  water  reservoir  held  at  l?5*i\  and  this  system  is  used  to  modify  the 
temperature  of  the  brine  system  to  insure  closer  temperature  control.  Thermo¬ 
couples  indicate  the  temperatures  of  the  reaction  mixture,  the  brine  task,  the 
hot  water  reservoir  uf  the  brine  reservoir. 

Triethylene  glycol  is  metered  into  the  reactor  through  a  tube  by  gravity 
flew.  The  reservoir  for  the  glycol  is  a  burette  oe  the  operator's  side  of  a 
protective  wall.  Tb*  How  rate  of  glycol  can  be  cloeely  controlled  by  the 
operator  peering  through  an  explosion-proof  port.  The  reactor  may  be  flooded 
in  an  emergency. 

At  the  conclusion  of  a  reaction,  the  reaction  mixture  is  craasferred  by 
gravity  flow  to  a  rufrigerated  separatory  funnel  equipped  with  a  solenoid  Stain¬ 
less  steel  valve  sj  that  separation  of  the  product  layer  may  be  accomplished 


remotely. 


i-'or  the  Kinetic  study  Pimpiiag  of  the  reacting  system  at  various 
tunes  was  necessary.  This  was  accomplished  remotely  by  the  use  of  an 
automatic  chromatographic  table  which  has  been  modified  for  this  work. 

f  igure  i  is  a.  photograph  of  the  nitration  apparatus.  The  circular  table 
in  the  center  of  the  photo  is  an  automatic  chromatograph  column  sampler 
which  has  been  modiiied  to  allow  automatic  sampling  of  the  reaction  mixture 
-*.t  short  intervals. 

f  igur*  3  is  a  ciuse-up  of  the  reactor  proper,  showing  how  the  stainless 
steel  reaction  pot  may  be  removed  from  the  brine  tank  and  another  reactor 
substituted.  The  refrigerated  separation  funnel  with  its  solenoid- actuated 
valve  is  seen  on  the  left  of  the  photo. 

when  a  sample  is  taken,  vacuum  is  applied  to  a  separatory  funnel,  pulling 
a  sample  from  the  reactor.  When  the  vacuum  is  broken,  the  sample  column 
is  returned  to  the  reactor.  The  separatory  funnel  holding  the  sample  is  equipped 
with  a  solenoid  stainless  steel  valve  which  activates  to  release  the  sample  into 
a  tared  container  of  quench  water.  This  halts  the  reaction  while  giving  an 
accurate  weight  of  the  sample  taken.  A  new  tared  container  of  quench  water 
is  then  automatically  rotated  into  place  for  the  next  sample.  By  this  method 
samples  may  be  easily  taken  at  one  minute  intervals. 
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FIGURE  2,  Nitration  apparatus  with 
automatic  chromatograph  samples 
modiiisd  to  sample  reacting  system 
at  two  minute  intervals. 


B.  Chemical  Kinetics  Study 

The  work  oit  this  phase  began  with  an  exploration  of  system*  with 

reactant  cr ncentratioas  close  to  tho»e  described  by  Auberteia  ax  optimum 

a 

for  the  production  of  TEGDN.  No  attempt  was  made  during  these  early 
Jamil larizatioo  runs  to  col'-ct  time  sample*  to  study  the  kinetic*  of  the 
reaction.  The  reagent  grade  acids  used  were  assayed  against  standard 
sodium  hydroxide  which  had  previously  been  standardized  using  phenolphthaieia 
against  potassium  acid  phthalate  primary  standard. 

Initially,  the  9  3.  4%  nitric  acid  and  9-4.  5%  sulfuric  acid  were  used  to 
prepare  175  gram*  o£  a  mixed  acid  containing  70%  HNO^  and  30%  H2S04 .  No 
attempt  was  made  initially  to  adjust  for  water  in  the  acid  to  assure  the  maxi¬ 
mum  of  2%  H  p  specified  by  Auberiein.  As  a  result,  the  actual  mixed  acid 
composition  was: 


HNOj 

b5.  38% 

H2b04 

28.  35% 

H20 

6.  2% 

This  reaction  was  run  at  -5*C.  with  good  control.  Seventy-five  <75) 
grams  of  TEG  was  added  to  the  reactor  over  22  minutes  and  agitation  con¬ 
tinued  for  fifteen  minutes  after  addition  of  final  TEG.  The  reaction,  however, 

had  to  be  drowned  during  separation  because  of  a  fume-off. 

The  reaction  was  run  again  under  the  same  condition*.  The  separated 
TEGDN  layer  was  washed  four  times  with  10%  sodium  bicarbonate,  water 
washed  twice  and  dried  under  vacuum  at  6Q*C.  The  crude  yield  was  3b.  2%. 

A  similar  reaction  was  run  at  U*C.  and  the  separated  layer  treated 


identically.  This  time  the  yield  increased  to  48.5%. 


In  four  nitration*.  #1,  2,  3  and  4.  the  reaction  *a*  sampled  period* 
ically  daring  the  hold  period  (i.«.  after  the  addition  of  aU  the  triethyiene 
glycol),  in  an  attempt  to  collect  kinetic  data  for  rate  determinations.  Of 
this  group  the  first  nitration  run  was  lost  because  of  fume-off.  Yield  data 
as  a  function  of  time  was  collected  on  all  of  toe  other  rone. 

Nitrations  Hi,  15  and  #4  were  sampled  for  kinetic  data.  Nitration  #2 
was  conducted  at  a  temperature  level  of  0  C.  ,  nitration  §. i  at  -15*C.,  and 
nitration  4  at  +10  C.  The  reactor  was  charged  with  mixed  acid  and  the 
triethylene  glycol  was  metered  into  the  reactor  with  agitation.  Since  Aaberteia^ 
had  noted  a  decrease  in  yield  with  increased  reaction  and  hold  time  because  of 
the  decomposition  of  the  nitrate  and  the  formation  of  the  sulfated  glycol,  it  wil 
decided  to  hold  the  addition  period  to  as  low  as  practicable  with  existing  refrig¬ 
eration  equipment.  Previous  eiperieuce  indicated  that  most  additions  could  be 
completed  by  the  end  of  fifteen  minutes.  It  subsequently  developed  that  this 
*M  a  reasonable  period  of  addition  for  all  except  the  very  low  temperatures. 

The  addition  of  the  glycol  was  completed  in  fourteen  minutes  in  nitration* 
id  and  #4  but  nitration  #3,  because  of  the  very  low  reaction  temperature  of 
-13  C. .  required  7G  minute*  for  addition.  Nitration  §i  was  sampled  every  five 
minutes  after  the  addition  of  the  glycol;  nitrations  ii  and  #4  were  campled 
every  three  minutes. 

A  series  of  tared  beakers,  filled  with  quench  water,  were  placed  in  the 
circular  rack  oi  the  automatic  sampler.  At  the  proper  moment  a  sample  was 
drawn  from  the  reactor  by  opening  a  remote  vacuum  line.  This  ca  teed  an 


estimated  fifteen  grams  of  the  reaction  mixtui  c  (which  was  highly  emulsified 
through  agitation)  to  be  drawn  into  a  separatory  funnel,  equipped  with  a  sole¬ 
noid  valve.  As  soon  as  the  siphon  column  was  broken  and  the  residue  discharged 
into  the  reactor,  the  solenoid  valve  dropped  the  sample  into  a  tared  beaker  of 
quench  water  and  the  sample  table  rotated  another  beaker  into  pLace  under  the 
separatory  funnel.  Subsequently,  these  beakers  were  weighed  to  determine  the 
exact  weight  of  the  sample  drawn  and  their  contents  were  titrated  with  standard¬ 
ized  NaOH  to  determine  the  free  acid  per  gram  of  sample  and,  by  difference, 
the  amount  >f  TEGDN  formed.  The  method  ol  calculation  is  shown  at  the  bottom 
of  Table  I. 

The  kinetic  data  on  nitrations  #2,  #3  and  #4  are  given  in  Table  I  and 
Figure  4.  Because  of  the  low  temperature  of  -15*C.  at  which  nitration  #3  was 
conducted,  a  temperature  which  was  at  the  lower  limit  of  the  brine  system  of 
the  experimental  reactor,  seventy  minutes  were  required  for  the  addition  of  all 
of  the  glycol.  Even  at  this  low  temperature,  however,  the  reaction  appeared 
to  be  complete  at  nine  minutes  after  the  addition  of  the  last  of  the  glycol.  (In 
all  of  these  reactions,  no  attempt  was  made  to  determine  degree  of  sulfation 
by  any  quantitative  technique). 

The  kinetic  data  for  nitrations  #2,  #3  and  #4  have  been  reduced  and 
plotted  in  Figure  4,  assuming  that  all  acid  loss  is  due  to  the  formation  of  TEGDN 
and  that  no  acid  is  *out  to  sulfated  triethyleneglycol. 

It  should  be  noted  in  Table  I  and  Figure  4  that  the  reaction  proceeds  at 
such  a  rate  that  essential  equilibrium  is  reached  in  within  six  to  eleven  minutes 
after  final  addition,  at  temperatures  of  from  -15*C.  to  +10*C. 
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The  concentration!  of  TEGDN  calculated  by  thi»  (kinetic  study)  method 
are  somewhat  higher  than  the  actual  yields,  so  it  ia  apparent  that  tom*  aide 
reaction  such  as  sulfation  was  taking  place,  thus  it  is  reasonable  to  assume 
that  the  nitration  reaction  was  complete  in  less  time  than  shown  in  these  data 
A  new  and  aifferent  technique  would  be  required  to  determine  these 
reaction  ra'es  with  greater  accuracy. 
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TABLE  I 


CHEMICAL  KINETIC  DATA,  NITRATION  RUNS  #2,  *3  4  #4 


NITRATION  #2 
0°C. 


i  1  r 

3 

4 

Time 

Min, 

H 

Drop 

In 

Acid 

cone 

TBCDN 

cone 

gme/gm 

* 

U9K] 

- 

- 

0 

- 

- 

- 

5 

8.3b 

IWII 

.434 

10 

8.32 

*nn 

.439 

15 

03 

urn 

.442 

20 

8.13 

HOI 

.462 

25 

SDEEI 

BUS 

■K339H 

30 

KKLS 

HO] 

nxm 

3;  1 

8.10 

3.88 

mmmm  1 

40 

■XII 

Ed 

.467 

45 

■BE3 

EKES 

.432 

50 

■BED 

ran 

■on 

55 

7.97 

EfOl 

R» 

NITRATION  #3 
-15*C. 

1 

2 

3 

4 

Tlaa 

Min. 

Acid 

cone 

Drop 

In 

Acid 

cone 

TEGDN 

cone 

gm»/ga 

* 

■DEI 

- 

- 

o 

■DEI 

bus 

wmsm 

3 

8.56 

BBS 

WKEEM 

& 

HXD 

■SB 

9 

l  8.48 

KUJi 

■OB 

WEsa 

oral 

.428  I 

m 

■tJE3 

HRS 

■ton 

KOB 

■DE3 

0KI 

.435 

2) 

■DEI 

OKI 

.432 

24 

■oca 

aca 

,438 

wsm 

worn 

oca 

.432 

mm 

BKO 

OKI 

K» 

mam 

mmi 

nrei 

.435  1 

NITHATIOH  *4 
+10*C. 


1 

2 

3 

4 

Tlaa 

Hln. 

Acid 

cone 

Drcp 

in 

Acid 

cone 

TEGDN 

cone 

gne/gm 

* 

■Eta 

mm 

* 

1 

■DEB 

BE* 

■HUM: 

mm 

KJEO 

mm 

KCJi: 

LZ _ 

■EKQ 

HEM 

.485  I 

pm— 

l  .  8.32 

ana 

mi 

IOK 

■3B3 

OEM 

km 

[16 

■OEJ 

mm 

_  ,480  ! 

■DM 

■0B0 

mm 

■HIM 

K9 

■oca 

BREi 

■KM 

KW 

KK3 

£JE» 

■KM 

EDI 

8.34 

mm 

■Li 

EDM 

8.49 

EKBB 

8BR230BI 

mm 

■OKI*] 

OKU 

.-u.4J^J 

NOTES 


1.  Col urn  1.  Slapaed  time  in  nlnutas  t roe  addition  of  laat  of  TOG  to  taking  of  klnatlc 

aaapla.  *  incieataa  atart  of  raactlon. 

2.  Colusa  2.  Acid  concantratins  la  mllla-equivalanca  («.E.)  par  graai  of  raactlon  ataaa. 

Top  flgura  la  eeneantratlon  bafote  raactlon  atarta  baaed  on  all  acid  and 
TEG  baiag  In  raactor  at  atart.  Acidity  at  atart  at  raactlon  datarnlnad 
by  NaOH  clear  of  aaapla  of  nlaad  acid  and  calculation  to  concontratlon 
In  n.a. /gai  of  axpactad  total  raactlon  aaaa.  Tbua,  wl  x  H  of  NaOH  x 

Jg». Hi_A-._.ln ■.raactor .  gae  M.A,  aaapla 

g*tf  M.A.  +  TEG  in  raactor  *  n.o./gm  In  raactor, 

at  atart  of  raactlon.  Acidity,  In  raactor,  at  any  tlaa  datamlnad  by 
Utar  of  aaapla:  nl  x  N/ga  raactor  aaapla  -  acid  cone,  in  ai.t./gn  lo 
raactor. 


3.  Col  unci  3.  Drop  in  arid  from  atart  tng  concentration  to  that  axlatlng  at  tine  of 

kinetic  sample,  unite  ara  a.e./ga  of  raactlon  awaa. 

4.  Coluan  4,  TEGDN  coneantratloo,  In  grant  par  graa  raactlon  naaa,  dua  to  convaralon 

of  HNOj  to  TEGDN. 

Calculation:  Mol  vt  TEGDN  m  240.17;  equivalent  wt  «  120,08  gas 
Mtlle  aquivalant  vt  -  ,12008  ga 
Acid  concentration  drop  dua  to  raactlon,  forming 
TEGDN  In  ss.e.  (Col.  3)  x  •■#.  vt.  TEGDN  •  gas  TECDN/g* 
in  reactor.  Tharefora,  drop  in  a. a,  acid/g*  x  .120  •*  TEGDN 
ga/go  In  raactor. 
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No  great  difficulty  was  noted  in  a  soLventlees  nitration. 

Samples  of  the  reaction  mixture  taken  for  analysis  and  observation  were 


often  found  to  be  deep  green  in  color  but  on  standing  reverted  to  a  straw  color. 

Little  difficulty  has  been  experienced  in  separating  product  and  acid 
layers  without  quenching  except  in  the  case  of  nitration  #6.  This  seems  to  stem 
in  large  part  from  the  temperature  control  of  the  separatory  funnel  uied.  This 
funnel  is  refrigerated  by  a  coil  immersed  directly  in  the  reaction  mixture. 
Generally,  i.’C.  is  chosen  as  a  target  temperature  for  separation,  although 
higher  temperatures  have  been  used  successfully. 

The  method  used  lor  assay  is  a  modification  of  Methods  £08.  1. 1,  the 
method  for  nit rogLycerine,  in  MIL-STD-286  "Military  Standard  -  Propellants: 
Sampling,  Inspecting  and  Testing"  dated  28  June  1956.  We  use  a  factor  of 
4,  000  3  for  rhiGDN,  instead  of  2.  523  as  used  for  NG. 

Some  anomalous  yield  results  were  obtained  although  not  recorded  in 
Table  IV.  attempts  to  duplicate  run  1 1  resulted  in  yields  ranging  from  48%  to 
80%,  It  was  noted  that  the  relative  humidity  during  this  period  was  greater  than 
93%.  An  experimental  determination  of  the  weight  increase  of  a  sample  of 
sulfuric  acid  agitated  in  the  nitratcr  for  one  hour  was  made  and  the  sulfuric 
acid  was  found  to  have  absorbed  over  eight  per  cent  of  its  own  weight  in  atmos¬ 
pheric  moisture.  As  a  result  of  this  experiment,  the  nitrator  was  modified  so 
that  nitrations  could  be  carried  out  in  an  atmosphere  of  dry  carbon-dioxide  or 
nitrogen.  No  further  inconsistencies  were  found  after  this  modification  in  run 
14. 
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During  several  nitrations,  separation  was  made  more  difficult  by  the 
presence  of  some  white  flocculcnt  material  which  was  observed  in  most 
instances  to  dissolve  later  in  the  acid  phase.  This  material  could  not  be  con¬ 
veniently  handled  and  uo  analysis  was  made  Separations  of  the  acid  and 

product  layer  were  generally  quite  clean  without  quenching.  At  temperatures 
of  0  *  c .  and  below,  separation  often  took  an  hour,  but  separations  at  10*  and 
£0*  took  place  rapidly,  usually  within  £0  minutes. 

C.  Spent  Ai.i  Stabilization  and  Recovery 

Ihe  spent  acid  from  all  the  TEGDN  reactions,  as  hag  been  mentioned 
above,  is  relatively  unstable,  i.  e.  it  begins  to  evolve  heat  and  fume  off  at  from 
a  few  minutes  after  nitration  to  a  few  hours,  depending  on  the  storage  tempera¬ 
ture  and  other  conditions.  It  was  found  that  on  extraction  with  methylene 
chloride  for  recovery  of  any  dissolved  TEGDN  the  acid  became  somewhat  more 
stable  than  an  acid  without  extraction,  but  even  an  impraetically  large  amount 
of  solvent  for  extraction  did  not  produce  stabilization  satisfactory  for  storage. 

Spent  acid  to  which  an  equal  weight  of  95%  sulfuric  acid  was  added  became 
stable,  a:  least,  lor  several  days,  at  room  temperature.  The  separated  spent 
acid  when  placed  in  smrage  in  an  ice  refrigerator  at  near  9*C.  is  stable  to  the 
extent  that  no  visible  decomposition  takes  place  for  up  to  £4  to  £6  hours;  however, 
w„»  found  that  the  nitric  acid  content  falls  off,  showing  a  slow  non-violent  decom¬ 
position,  which  probably  would  eventually  become  stable. 

To  secure  the  maximum  information  with  a  minimum  of  time  and  expense, 
the  Btudy  of  spent  acids  was  limited  to  the  acids  from  the  reaction  of  optimum 
yield,  so  nitration  Mi  was  selected  as  typical  for  spent  acid  work  for  the 


remainder  oi  this  program.  It  was  also  realized  that  an  equipment  set-ap 
for  actual  recovery  and  separation  of  the  acidc  would  not  be  possible,  so  it 
was  decided  to  work  out  a  method  oi  converting  the  acids  to  a  stable  condition 
so  that  existing  industrial  acid  plant  practice  could  be  used  for  final  separation 
and  concentration  of  nitric  -'d  sulfuric  acids, 

A  stabilization  process  was  developed  which  resulted  in  a  product  which 
can  be  stored  indefinitely  at  66*  to  8b' “V.  or  heated  for  removal  of  the  nitric 
acid  fraction  at  a  recovery  unit.  Samples  taken  throughout  the  process  were 
analyzed  lor  nitric  ac.d  content  so  that  a  final  accounting  could  be  made  for  ali 
the  nitric  acid,  m  order  to  approximate  the  amount  available  for  recovery. 

The  final  stabilization  process  was  evolved  from  various  experiments  and 
observations  as  follows 

1.  Untreated  separated  spent  acid  exposed  to  atmosphere  in  mild  weather 
evolved  heat  and  began  to  decompose  in  i  com  8  to  60  minutes. 

2.  Spent  acid  to  which  an  equal  weight  of  95%  sulfuric  acid  was  added  became 
stable  to  the  extent  that  it  could  be  heated  to  90*C.,  without  evidence  of  rapid 
dec oir. pos i.'i on,  and  would  stand  unchanged  for  at  least  several  days. 

i.  Untreated  spent  acid  stored  at  6*C.  was  atable  for  24-26  hours,  possibly 
longer,  although  there  was  a  slow  non-violent  decomposition  with  loss  of  nitric 
at  id. 

-1.  Spent  acid  with  solvent  extraction  (up  to  100%  methylene  chloride  washed 
four  times)  was  semi-stable  for  24  hours;  if  the  acid  was  agitated,  it  would 
begin  to  fume,  then  settle  down  when  agitation  ceased. 


H  wart  thru  st't'n  that  the  acids  remaining  in  the  vessels  which  had 
heen  allowed  to  stand  untreated  (or  unslabilizcd)  after  going  through,  a  upon- 
lanenus  decomposition  were  now  relatively  stable,  although  the  atmosphere 
in  the  area  had  been  contaminated  with  acid  and  nitrogen  oxide  fumes,  and 
considerable  quantities  of  the  arid  were  lost.  For  this  reason  and  because  the 
time  and  rate  of  decomposition  should  not  be  left  to  chance,  a  method  was 
sought  for  controlling  the  time  of  starting  of  the  decomposition  and  the  rate  or 
degree  of  violence,  and  to  confine  the  gaseous  products  for  recovery  of  acid 
and/or  atmospheric  pollution  control. 

5.  A  process  similar  to  that  being  tried  for  Petrin  spent  acid  was  suggested 
by  Mr.  Maurice  Baer  of  Picatinny  Arsenal  which,  with  modification  and  addi¬ 
tions,  became  the  final  process. 

Spent  acid  from  refrigerated  storage  was  placed  in  a  reservoir  and 
allowed  to  drip  slowly  into  concentrated  sulfuric  acid  at  +150*C.  in  a  vessel 
on  a  hot  plate.  Vapors  were  to  be  forced  out  through  a  condenser  to  liquify  any 
nitric  acid  which  may  be  distilled  from  the  hot  acid  mixture.  The  choice  of 
acid  temperature  and  rate  of  feed  was  not  advantageous  as  vapors  were  evolved 
rather  rapidly  and  a  charred  mass  was  formed  in  the  acid  vessel. 

6.  The  same  type  of  experiment  was  repeated  with  the  sulfuric  acid  in  a 
water  bath  equipped  with  an  agitator  and  holding  the  acid  at  65*C.  The  spent 
acid  was  fed  in  at  a  slower  rate.  There  were  no  visible  effects,  no  liquid  acid 
was  recovered  in  the  condenser.  The  mixture  of  spent  acid  and  sulfuric  acid 
in  the  decomposition  vessel  was  found  to  be  approximately  the  same  stability 
a3  was  described  in  Item  2,  above. 
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7.  A  similar  experiment  was  repeated  at  an  acid  temperature  of  90*C. 
with  the  same  results  as  in  Item  o,  above. 

8.  Separated  spent  acid,  removed  from  refrigerated  storage,  was  placed 
in  a  flask  fitted  with  a  condenser  arid  a  receiver.  This  was  allowed  to  warm 
up  with  no  heat  addition  ir'-cr  than  from  atmospheric  temperature,  70  *F. 
pickup).  The  acid  temperature  rose  to  50  *C.  in  about  30  minutes  and  then  at 
J0*C.  rose  rapidly  (i.e,  in  4  to  5  seconds)  to  75 “C.  Dark  red  fumes  were 
evolved,  no  liquid  was  condensed,  gas  was  not  collected  nor  measured.  There 
was  a  small  (not  measured)  amount  cf  acid  dissolved  in  50  ml  of  water  which 
had  been  placed  ir.  the  receiver.  There  was  a  measured  overall  weight  loss  of 
10  7o  of  the  charge.  A  nitrometer  analysis  showed  a  drop  in  the  nitric  acid  con¬ 
centration  from  6.  9“i»  at  start  to  5,  2%  on  residual.  The  acid  remaining  in  the 
flask  was  found  io  be  stable,  i.  e.  several  days  observation  indicated  no  further 
decomposition. 

9.  Another  stabilization  experiment  was  performed  in  the  set-up  Bhown  in 
Figure  5.  The  cool  { s-5  -  tlO*C.  )  spent  acid  was  allowed  to  drop  at  a  controlled 
slow  rate  into  the  stabilizing  flask  which  was  held  at  a  temperature  of  75*C. 

The  flask  contained  no  H^SO^  .  No  increase  in  temperature  was  observed  but 
dark  red  fumes  were  formed  with  each  addition  of  spent  acid.  All  ga*  evolved 
was  conducted  through  a  chilled  condenser,  a  liquid  trap  and  on  into  a  gas 
collector  by  water  displacement.  After  30  minutes  the  red  fumes  disappeared 
from  the  ga3  and  a  transparent  gas  remained.  By  nitrometer  analysis  the  spent 
acid  was  6.9%  HNQj  before  treatment  and  5.4%  HNO3  after  stabilization. 


No  S ; v-ii (1  wa;  condensed  into  the  ac.d  trap.  As  expected,  the  residual 
spent  acid  was  stable  on  storage  at  room  temperature. 

10.  Run  ^9  above  was  repeated  with  the  decomposition  flask  held  at  90*C. 
with  essentially  the  same  results  There  was  a  difference  in  the  nitric  acid 
content,  however.  In  Run  7  the  spent  acid  had  been  held  in  0*C.  storage  for 
aoout  six  hours  after  nitration  completion  before  the  start  of  the  stabilisation 
and  had  a  nitric  acid  content  of  only  6.  9‘fo.  For  Run  §10  the  spent  acid  had 
been  held  in  cold  storage  only  about  2  hours  before  starting  stabilisation,  and 
was  found  to  have  a  nitric  acid  content  of  20J/e  before  stabilization  which  dropped 
to  5.  8 To  after  stabilisation.  The  final  nitric  acid  concentrations  being  approxi¬ 
mately  the  same  is  for  Run  <i 9,  this  leads  us  to  believe  that  there  was  a  slow 
decomposition  during  the  cold  storage  period  amounting  to  approximately  5%  of 
nitric  acid  content  in  i>  hours  at  a  terr. oer.'t1  re  of  0*  to  5*C. 

No  stabilized  acid  draw-off  was  provided  in  the  system  used  as  quantities 
were  limited  by  the  size  of  the  reactor  producing  spent  acid  for  this  study.  For 
largo  r  batches  or  a  continuous  process  a  draw-off  connection  would  be  required. 
It  would  also  be  necessary  to  provide  facilities  to  keep  the  spent  acid  chilled  or 
otherwise  stabilized  before  processing. 

There  was  in  stabilization  Runs  f'1  and  tflO  an  overall  toss  of  10%  in 
weight,  freshly  separated  spent  acid  to  stabilized  spent  acid,  approximated 
from  measurements  before  and  after  stabilization  and  allov/ance  for  loss  in 
storage  before  stabilization. 

Financial  and  time  factors  prevented  a  thorough  study  on  quantities  and 
concentration  of  acids  and  gases  in  the  spent  acid.  The  following  data  should 


be  considered  as  rcprcse.  i^tive  only  as  they  have  not  been  confirmed  by 
duplication  after  the  appaiatus  had  finally  been  adjusted  for  good  operation 
and  control.  Other  temperatures  of  decomposition  and  condensation  should 
be  tried  at  various  rates  of  feed,  etc. 

To  present  an  ove-al.  understanding  of  the  spent  acid  stabilization  and 
recovery,  Table  1]  based  on  nitration  Sun  £42  and  stabilization  Huns  #9  and 
£10  was  prepared,  it  was  assumed  that  in  these  processes  no  sulfuric  acid 
was  consur-  td. 

The  apparatus  shown  u>  Vigors  5  provided  some  qualitative  information 
about  the  gas  from  the  stabilization  procedure,  lu  operation,  the  gas  collected 

| 

was  red  brown  but  on  standing  overnight  became  clear.  Although  some  of  the 
gaa  dissolved  in  the  water  associated  with  the  collector,  82  ir.l  remained 

I 

undis solved  from  the  stabilization  of  the  6b.  6  gm  charge.  The  water  in  the 
collector  showed  a  pH  of  6.  5  and  practically  no  carbon  dioxide  in  the  gas  phase 
in  the  collector.  We  believe  that  the  water  insoluble  gases  from  stabilization 
might  acceptably  be  released  to  the  atmosphere  from  a  reasonably  tall  stack. 

If  101  gm  TEGDN  has  associated  with  it  82  ml  of  gas,  then  a  plant  producing 
10.  000  lbs.  TEGDN  tier  day  would  release  only  about  t  320  cu.ft.  of  gas  per  day. 

Since  it  was  impossible  (time  and  funds)  to  do  any  additional  work  on 
experimental  acid  lecovery,  we  can  only  theorize  on  the  stabilization  and 
recovery  of  spent  acid. 

The  43.  5%  of  nitric  acid  charge  found  associated  with  the  product  can 
largely  be  recovered  from  the  wash  water  and  concentrated  to  b8%  by  ordinary 
distillation.  If  it  is  desired  to  concentrate  to  greater  extent,  this  can  be  done 
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by  existing  methods  no*  in  regular  operation  for  manufacture  of  concentrated 
nitric  acid.  The  cost  of  the  water  evaporation  in  this  recovery  must  be 
balanced  agains'.  the  cost  of  ttc*  acid  anl/or  the  availability  of  satisfactory 
spent  acid  disposal  methods.  Most  certain’v  some  of  the  nitric  acid  will  even¬ 
tually  be  neutralized  by  t--  final  soda  wash  of  the  nitrated  product.  Disposal 
of  this  nitrate  salt  is  not  expected  to  cause  any  unsurrnoun  table  problem. 

The  2.  7 fa  of  total  nitric  acid  charge  which  is  la  the  stabilized  spent  acid 
can  be  recovered  by  conventional  techniques. 

The  data  of  Table  Hi  on  spent  acid  stability  versus  water  content  is  plotted 
in  Figure  h. 

D.  Yield  Study 

Using  the  procedure  described  earlier,  fifty-three  (53J  runs  were  made 
under  various  conditions'.  (1)  temperatures  of  -15*,  0*,  10*  and  2Q*C.  { l )  glycol 
to  mixed  acid  ratios  of  0.  5  through  0.  33;  (3)  with  no  solvent  and  with  methylene 
chloride  as  solvent,  (4)  with  sulfuric  acid  as  the  hydrophilic  agent  and  with 
acetic  anhydride  as  the  hydrophilic  agent;  (5)  glycol  addition  times  from  6  to  70 
mmutes,  Table  IV  summarizes  the  data  collected  on  these  runs. 

Figure  7  shows  the  compositions  cf  the  mixed  acids  on  a  triangular  graph 
for  all  runs  made. 

Table  V  shows  the  runs  made  at  various  temperatures  and  ratios  of  mixed 

acid  to  glye  ol. 

Table  VI  provides  a  comparison  of  the  yields  obtained  at  three  tempera¬ 
ture.  and  a  mixed  acid  ratio  of  L.  5.  It  appears  that  10 *C.  provides  the  highest 
average  yield. 
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SPENT  ACID  SI  ABILITY  VS  WATER  CONTENT 
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TABLE  111. 

Spent  Acid  Stability  Vereu*  Water  Content 

Simple 

Acid  Analyst* 

Minute*  to 

Number 

TEGDN 

hno3 

H^q* 

h2° 

Fume- off 

1 

1.  0 

08.  5 

28.  2 

2.  3 

Stable  to  4  day* 

2 

1.0 

oS.  1 

26.  7 

7.  2 

210  min 

3 

1.0 

61.  6 

23.  3 

12.  1 

200  min 

4 

1.  0 

58.  2 

23.  9 

lo.9 

180  min 

5 

1.0 

51.  2 

21.  1 

26.  7 

155  min 

6 

1.0 

44.  4 

18.  1 

36.  5 

145  min 

1.0 


7 


33.  9 


13.  8 


51.  3 


105  mm 


Table  Vll  presents  the  effet  t  of  mixed  acid  to  glycol  ratios  on  yield.! 
at  10*C  and  indicates  that  a  ratio  of  2.  5  or  3.0  is  superior  to  2.0. 

Table  VIII  illustrates  data  on  the  yield  as  effected  by  the  nitric  acid  to 
glycol  mole  ratio.  It  appears,  with  u  few  exceptions,  that  the  high  ratios  of 
nitric  acid  to  glycol  gave  the  higher  yield. 

Figures  U,  9  and  10  present  additional  data  in  the  form  of  yield  isopleths. 
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Products  from  all  nitration  runs  ha vs  assay  bo two an  MX  and 
1021  axcapt  rune  narkad  **  as  follows:  Assay  Mstbod  In  accord 
with  HXL-Rtd-286  28  June  1956  Method  208.1.2  (T) 

Run  No.  5  •  97.31  Assay  as  TBOSV 
7-96.5 
8  -  97,0 
14  -  96.5 
22  -  96.2 

Acstlc  anhydrid#  (CHjCOJj  0  mol.  vt.  102.1,  used  in  place  of 
H2SO4  for  nitration  runs  37,  38  and  39  although  shown  In  tha 
sulfuric  acid  columns  4,  8  and  11. 

Nathylana  chloride,  (M.C.)  used  In  reaction  runs  44,  47,  48  by 
addition  to  reactor  prior  to  adding  glycol. 

Yields  shown  are  chose  obtained  without  extraction  of  spent  acid, 
gain  in  yiald  due  acid  extraction  shown  each  run  where  extraction 
was  made. 


Colunn  Ixpi auction 

Nitration  run  nuabera 

Inclusive  are  tetal  wt.  in  grama  of  materials  In  relation  ayatam 
calculated  to  a  100%  strength  material  ,  excluding  any  methylene  chloride 

Inclusive  all  matarlals  la  reaction  aystam  calculated  to  mole  X  basis  of 

M.A. 

Inclusive  acids  sad  water  in  reaction  system  on  a  mole  X  basis 

Ratio  total  mixed  acid  to  glycol,  weight  basis 

Ratio  total  HNO3  to  glycol  on  weight  basis 

tatio  total  HVO3  to  glycol  on  mole/mole  basis 

Reaction  time  to  add  glycol 

Boldin?  elms  for  reaction  with  agitation,  not  lncl.  time  for 
separation  of  product  from  acid 

Yield  in  X  based  on  TIG 

Mixture  letter  designation 
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Nitration  run  austere 


TAIUS  If.  emulative  Nitration  Cat* 


...L_ 

2 

3 

4 

5 

6 

7 

8 

^ua 

Ns. 

Cr*f*a 

TKC 

In  Reaction  fyitan 
®»03  H2SO4  H20 

Mole 

TUG 

X  in  Reaction  1 
MWj  H2H04 

1 

100.0 

173.2 

70.8 

6.0 

14.9 

61.5 

16.  1 

2 

100.0 

173.2 

70.8 

6.0 

14.9 

61.5 

16.1 

3 

100.0 

173.2 

70.8 

6.0 

14.9 

61.5 

16.1 

4 

100.0 

173.2 

70.8 

6.0 

14.9 

61.  5 

16. 1 

b** 

100,0 

163.3 

70.8 

15.8 

13.7 

53.4 

14.8 

0 

100.0 

140.4 

94.4 

15.2 

14.5 

46.3 

20,9 

7** 

'.00.0 

187.0 

47.2 

15.8 

13.4 

59.4 

9.6 

8** 

75.0 

121.0 

52.5 

11,5 

13.9 

53.4 

14.9 

9 

75.0 

130.7 

46.9 

7.4 

15.1 

59.9 

13.8 

10 

75.0 

148.8 

47,2 

4.0 

14,0 

66.3 

13.5 

11 

75.0 

148.6 

35.3 

3.5 

14.7 

69.2 

10.6 

12 

75.0 

130.0 

53.1 

4.2 

15.0 

61.8 

16.2 

n 

75.0 

111,4 

70.9 

5.2 

15.2 

54.0 

22.0 

14** 

75.0 

148.6 

35.3 

3.5 

14.7 

69.2 

13.5 

15 

75.0 

148.6 

35.3 

3.5 

14.7 

•9.2 

13.3 

16 

75  0 

148.6 

35.3 

3.5 

14,7 

69.2 

13.5 

17 

75.0 

148.6 

35.3 

3.5 

14.7 

69.2 

13.5 

18 

75.0 

148.6 

35.3 

3.5 

14.7 

•9.2 

13.5 

19 

75.0 

148.6 

35.3 

3.5 

14.7 

•9.2 

13.5 

20 

75.0 

148.6 

35.3 

3.5 

14.7 

69.2 

13.5 

21 

75.0 

148.6 

35.3 

3.5 

14.7 

69.2 

13.3 

22** 

75.0 

148,6 

35.3 

3.5 

14.7 

•9.2 

13.5 

23 

100.0 

178.0 

72.5 

5.9 

14.1 

62.3 

16.1 

*4 

100.0 

173.4 

70.8 

5.8 

14.9 

61.6 

16.1 

25 

100.0 

173.4 

70.8 

5,8 

14.9 

61.6 

16.1 

26 

100.0 

148.6 

94.5 

6.9 

15.2 

53,9 

22.1 

27 

100.0 

198.2 

47.2 

4.6 

14.6 

67.2 

10.6 

20 

75.0 

148.6 

47.2 

4.2 

14.0 

66.0 

13.5 

29 

75.0 

130.0 

53.1 

4.2 

15.0 

•1.8 

16.2 

30 

75.0 

111.4 

70.8 

5.1 

15.2 

53.9 

22.2 

31 

83.4 

173.4 

70.8 

5.7 

12.8 

63.3 

16.6 

32 

83.4 

148.6 

94.5 

6.9 

13.0 

55.4 

22.6 

33 

83.4 

198.2 

47.2 

4.6 

12.5 

70.8 

10.9 

34 

66.8 

148.6 

47.2 

4.2 

12.7 

67.0 

13.7 

35 

62.5 

130.0 

53.1 

4.2 

12.8 

63.4 

16.7 

36 

62.5 

111.4 

70,8 

5.1 

13.0 

55.5 

22.6 

37*  - 

62.  5 

111.5 

75.0* 

1.0 

14.0 

39.4 

24.7* 

38* 

62.5 

130.0 

56.2* 

1.1 

13.5 

•6.8 

17.8* 

39+ 

66.8 

99.1 

100.0* 

0.9 

14.6 

31.6 

32.2* 

40 

100.0 

158.3 

37.8 

3.7 

17.7 

66.7 

10.2 

41 

100.0 

138.7 

56.7 

4,6 

18.0 

59.5 

15.6 

42 

75.0 

131.3 

51.6 

4.3 

14.9 

62.2 

15.8 

43 

75.0 

131.3 

51.6 

4.3 

14.9 

62.2 

15.8 

44 

75.0 

131.3 

51.6 

4.3 

14.9 

•2.2 

13.8 

45 

75.0 

131.3 

51.6 

4.3 

14.9 

•2.2 

15.8 

46+ 

75.0 

131.3 

51.6 

4.3 

14.9 

•2.2 

15.8 

47+ 

75.0 

131,3 

51.6 

4.3 

14.9 

62.2 

13,8 

48+ 

"  75.0 

131.3 

51.6 

4.3 

14.9 

•2.2 

15.8 

49 

.  100.0 

190.8 

53.3 

5.9 

14.6 

66.3 

11.9 

5C 

100.0 

175.6 

67.5 

6.6 

14.8 

61.9 

15.3 

51 

75.0 

119.0 

64.2 

4.5 

15.2 

57.3 

19.9 

52 

:  82.6 

142.7 

42.2 

9.5 

14.6 

60.5 

11.4 

53 

76.3 

131,8 

53.6 

2.0 

13.6 

64.2 

16.6 

io  n  12 

Mole  i  la  MlMd  Acid 
SSO  3  H2S04  HjO 


72.3 

72.3 

72.3 

72.3 

61.9 

55.8 

88.6 

62.1 
70.0 

77.1 
•0.9 

72.7 

63.7 

80.9 
Mot 
•0.9 
•0.9 
•0.9 
•0.9 

80.9 

80.9 
•0.9 

72.7 

72.4 

72.4 

63.6 
81.0 

76.7 

72.7 

63.8 

72.4 

63.7 
81.0 

76.7 

72.7 

63.8 

69.2 

77.1 

60.3 

•1.0 

72.5 

73.2 

73.2 

73.2 

73.2 

73.2 

73.2 

73.2 

77.7 

72.6 

67.6 

70.3 

76.1 


18.9 

18.9 

18.9 

18.9 

17.1 

23.6 

11.1 

17.3 

16.1 

15.7 

12.4 

19.1 

25.9 

12.4 

12.4 

12.4 

12.4 

12.4 

12.4 

12.4 

12.4 

12.4 

18.8 

19.1 

19.1 
26.0 

12.4 

15.7 

19.1 
26.0 

19.1 
26.0 

12.4 

13.7 

19.1 
26.0 
28.7* 
20.6* 
37.6* 

12.4 

19.1 

18.5 

18.5 

18.5 

18.5 

18.5 

18.5 

18.“- 

17‘  i 

23.  I 
13.  1 


19. 


8.8 

8.8 

8.8 

8.8 

21.0 

20.6 

20.3 

20.6 

13.9 

7.2 

6.7 

8.2 

10.4 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

6.7 

8.4 

8.4 

8.4 

10.4 

6.6 

7.6 

8.2 

10.2 

8.4 

10.3 

6.6 

7.6 

8.2 

10.2 

2.1 

2.3 

1.9 

6.6 

8.4 

8.3 

8.3 

8.3 

8.3 

8.3 

JU 
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AciJ  Ratio  A-cid  to  Glycol  Kaaectea  Reaction  11m  « 

H20  »y  vt  vt.  MoUa  T**p.  Mlnatau  Ytaid 

Ut  v  Ari  A  mn.  imn.  n  Uil.  n.l  j  « 


8.B 

2.5 

1.73 

4.1 

a. a 

2.5 

1.73 

4.1 

8 .  b 

2.5 

1.73 

4,1 

8.8 

2.5 

1,73 

4.1 

21.0 

2.5 

1.62 

3.9 

20.6 

2.5 

1.40 

3.3 

20.3 

2.5 

1.9 

4.5 

20.6 

2.5 

1.6 

3.8 

13.9 

2.65 

1.7 

4.0 

7.2 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

8.2 

2.5 

1.7 

4.0 

10.4 

2.5 

1.5 

3.6 

6.7 

2.5 

2.0 

4.8 

6»7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

6.7 

2.5 

2.0 

4.8 

8.4 

2.3 

1.8 

4.3 

8.4 

2.5 

1.7 

4.0 

S.4 

2.5 

1.7 

4.0 

10.4 

2.5 

1.5 

3.6 

6.6 

2.3 

2.0 

4.8 

7.6 

2.3 

2.0 

4.8 

8.2 

2.5 

1.7 

4.0 

10.2 

2.5 

1.5 

3:6 

8.4 

3.0 

2.1 

5.0 

10.3 

3.0 

1.8 

4.2 

6.6 

3.0 

2.4 

5.7 

7.6 

3.0 

2.2 

5.2 

8.2 

3.0 

2.1 

5.0 

10.2 

3.0 

1.8 

4.3 

2.1 

3.0 

1.8 

4.3 

2.3 

3.0 

2.1 

5.0 

1.9 

3.0 

1.3 

3.6 

6.6 

2.0 

1.6 

3.8 

8.4 

2.0 

1.4 

3.3 

8.3 

2.5 

1.8 

4.3 

8.3 

2.5 

1.8 

4.3 

8.3 

2.5 

1.8 

4.3 

8.3 

2.3 

1.8 

4.3 

8.3 

2.5 

1.6 

4.3 

8.3 

2.5 

1.8 

4.3 

8.3 

2.5 

1.8 

4.3 

8.4 

2.5 

1.9 

4.5 

9.5 

2.5 

1.8 

4.3 

9.0 

2.5 

1.6 

3.8 

16.4 

2.35 

1.7 

4.0 

4.0 

2.46 

1.7 

4.0 

0 

22.5 

1? 

33.0 

0 

14.0 

70 

63.8 

15 

70.0 

40 

51.7 

10 

13.5 

40 

54.2 

0 

39 

30 

55.8 

u 

21 

45 

58. 4 

0 

16 

49 

30.2 

10 

9 

40 

53.9 

10 

a 

2 

34.0 

0 

15 

45 

77.6 

0 

15 

45 

83. C 

0 

15 

45 

82.0 

0 

15 

45 

68.7 

10 

14 

45 

76.4 

18 

15 

45 

74.6 

0 

23 

37 

68.0 

0 

15 

45 

72.6 

0 

18 

30 

79.1 

0 

12.5 

40 

75.0 

20 

9.5 

17 

72.2 

18 

6 

- 

a» 

18 

6 

3 

70.5 

10 

14 

4 

81.8 

10 

13 

3 

79.7 

10 

13 

3 

• 

10 

15 

3 

71.7 

10 

13 

3 

79.6 

10 

12 

3 

81.4 

10 

12 

3 

80.9 

10 

11 

3 

75.8 

10 

14 

4 

80.2 

10 

13.5 

3 

73.7 

10 

12.0 

5 

78.2 

10 

11.0 

5 

79.2 

10 

10.5 

3 

71.6 

10 

10.0 

3 

71.1 

10 

9.0 

3 

32.5 

10 

9 

4 

4.0 

10 

10 

5 

48.9 

10 

10.5 

2 

47.7 

10 

12 

3 

59.1 

10 

10 

3 

80.2 

10 

11 

3 

78.0 

10 

10 

3 

80.0 

10 

11.5 

5 

81.0 

10 

7 

4 

76.3 

10 

9.5 

5 

79.2 

10 

7 

3 

80.0 

10 

15 

4 

79.6 

10 

10.5 

6 

80.0 

10 

10 

3 

73.9 

10 

10 

3 

60.6 

10 

9 

4 

73.8 
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_ 19 

rvna* 

Tie  Id 

Bold 

_ X  __ 

15 

33.  0 

10 

63.8 

40 

51.7 

40 

54.  2 

30 

55.8 

45 

58.4 

49 

30.2 

40 

55.9 

4. 

36.0 

45 

77.6 

45 

83.0 

45 

82.0 

45 

68.7 

45 

76.4 

45 

76.6 

37 

68.0 

45 

72.6 

30 

79.1 

40 

75.0 

17 

72.2 

3 

70.5 

4 

81.8 

3 

79.7 

3 

- 

3 

71.7 

3 
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4.0 
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3 
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3 
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80.0 
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TABLE  V 


Number  oi  Runs  Made  At  Various  Temperatures  and  Ratios 


of  Mixed 

1 

o*c.  1 

Acid  to  Glycol 

10*C.  1 

20*C. 

K..x 

K.in  Ratio 

Run 

Ratio 

Run 

A 

1,2  2 .  5 

4.  23 

2.5 

B 

2.  5 

r* 

V* 

6  2.5 

D 

2.5 

I 

E 

1 

8 

2.5 

F 

9 

2.65 

G 

10  2. 5 

H 

11,16,17,18,19  2.5 

14,  27.  33*,  40** 

2.5 

15,20,  21,22 

1 

12  2.  5 

24,  29,  31*.  35* 

2.5 

' 

41**,  25 

J 

13  2.5 

26,  30,  32*.  36* 

2.5 

M 

28,  34* 

2.5 

Q 

42,  43,  44,  45,  46 

2.5 

R 

49 

S 

50 

T 

51 

U 

52 

V 

53 

*  Ratio  3.0 
**  Ratio  2.  0 


Ratio 


2.5 
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TABLE  Vi 


Eifect  of  Temperature  On  Yield  At  Mixed  Acid  to 

f<  M  :  Os  of  2.  5 


Temperature 


0  *C. 

'■  *  C . 

0*c. 
o*c. 
0  *  c. 


1  •  c . 
io*c. 


20*  C. 

20  C. 
20*C. 
20  C. 


h  X 

Run  No. 

Yield 

H 

11 

83.0% 

•  i 

16 

i  ,8 .  o  r, 

H 

17 

72.0% 

If 

18 

79.  1% 

H 

19 

75.  0% 

T  T 

i  1 

14 

76.4% 

H 

27 

79.6% 

H 

15 

76.  6% 

H 

20 

72.2% 

H 

21 

• 

H 

22 

70.5% 

Glycol 


Max  8  3.  0% 

Ave  75.4% 

Mon  68% 


Max  79.  6% 
Ave  76.0% 

Min  76.4% 


Max  76.  6% 
Ave  73.  1% 
Min  70.5% 


S<j 


l’ABLE  VII 


Effect  of  Mixed 

ACici  to  Glycol  Weight  Ratio 

on  Yield 

at  10*C. 

Ratio  Mixed 

Acid  to  'jivtv.1 

Average 

Yield 

Mix 

Run 

Number 

2.  U 

2.  5 

o.  U 

id.  1 

80.  o 

1 

I 

I 

1 

41 

24  tc  29 
31  8,  i5 

2.  0 

2.  5 

o.  u 

4V,  V 

78.0 

78.  2 

11 

H 

II 

40 

14  It  27 
33 

*M|  .1 

J.  0 

71.  7 

72.  7 

7 

'  U 

J 

26  &  27 

32  It  36 

2.  5 

81.4 

M 

28 

i.  0 

79.2 

M 

34 

TABLE  VUI 
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Yield  Data  For 

Various  Nitric 
Mol t-  Ratios 

.'.cid  to  Glycol 

Mole  Ratio 

Nitric  Acid 

Yield 

Mix 

Run 

Glycol 

4.  6 

d. 

H 

11 

4.0 

32 

I 

12 

4.  i 

81.  b 

A 

23 

4.3 

81.4 

M 

28 

4. 

80.  ? 

I 

29 

5.0 

80.2 

1 

31 

4.  i 

80.  2 

G 

42 

4.  3 

80.0 

Q 

44 

4.  3 

81.0 

Q 

45 

4.  3 

80.0 

Q 

48 

4.  3 

80.0 

s 

50 

4.8 

77.6 

G 

10 

4.8 

76.4 

H 

14 

4.8 

76.6 

15 

4.8 

75.0 

H 

19 

3.b 

75.8 

J 

30 

4.8 

73.7 

J 

32 

4.  3 

76.  3 

Q 

46 

3.8 

73.9 

T 

51 

4.0 

73.8 

V 

53 

4.  1 

33 

A 

2 

4,  ’. 

52 

A 

3 

4.  1 

54 

A 

4 

4.  1 

56 

3 

5 

3.  3 

58 

C 

6 

4.  5 

3C 

0 

7 

3.8 

56 

£ 

8 

4.  0 

56 

r 

9 

4.8 

68 

H 

16 

3.8 

48 

H 

40 

3.  3 

59 

1 

41 

4.  3 

61 

U 

52 
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Note*:  Numbers  neer  circle*  ere 
yields  for  mixes  indicated. 
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V.  PRODUCTION  COST  STUDY 


Outs  to  the  time  required  by  the  earlier  phases  of  this  study,  very  little 
time  was  available  for  a  production  coat  study.  Only  a  few  qualitative  remarks 
will  be  made. 

With  reaped  to  analyt.  aL  and  control  standards  for  raw  materials,  the 
epC'Ciiications  we  have  worked  out  for  production  appear  satisfactory.  We  use 
Technical  Grade  TEG  supplied  by  Jefferson  Chemical  Company.  The  nitric 
acid  used  i"  Technical  Grade  98-99%  and  the  sulfuric  acid  is  Technical  Grade 
66*Be  . 

In-proccss  control  is  primarily  manual  control  of  rate  of  feed  using 
thermocouple  indications.  W‘  quench  the  reaction  mass  thirty  minutes  or  less 
after  last  addition  of  TEG.  We  do  not  recover  the  acids  but  we  do  recover  the 
solvent.  If  we  recovered  the  acids,  we  would  not  quench. 

Study  of  the  yield  isopleth  data  presented  indicates  that  the  nitric  acid 
concentration  can  vary  from  70  to  80  mole  per  cent  and  give  yields  of  the 
order  of  80+%.  In  practice  we  are  able  to  achieve  90+%  with  quenching.  Since 
the  cost  of  nitric  acid  is  1.  5  times  the  cost  of  sulfuric  acid,  it  is  clear  that 
the  mixed  acid  with  lower  percentage  of  nitric  acid  would  be  the  most  econom¬ 
ical  lor  operation.  It  appears  that  the  total  reaction  time  (reaction  +  holding 
time)  can  be  markedly  reduced  in  order  to  increase  the  through-put  and  thus 
lower  the  total  capital  investment.  Greater  refrigeration  capacity  in  our  equip 
ment  would  have  permitted  us  to  establish  this  experimentally. 

A  very  important  consideration  in  production  costs  is  recovery  of  spent 
acids.  It  has  been  shown  that  the  spent  acids  should  be  stabilised  almost 


immediately  or  kept  rofrige rated.  They  decompose  within  an  hour  at  normal 
temperature.  Our  study  allowed  that  the  addition  of  sulfuric  acid  would 
etainUKc  the  spent  acid  but  more  work  should  ba  done  to  prove  this  la  the 
moat  practical  process  on  ’*.rgc  seal*  operations. 


i.  There  appears  to  be  very  little  substantial  literature  on  the  nitration 
of  triethyleneglyeol  That  of  Aubertein  appears  most  pertinent  but  a  few 
other  references  were  noted. 

1.  The  chemical  kinetics  of  the  nitration  of  TEG  is  far  from  established. 

The  experimental  work  done  indicates  that  with  some  refinement  of  technique 
the  rate  of  the  reaction  could  be  measured. 

3.  Yield  data  can  beat  be  presented  by  means  of  iaopleths  on  a  triangular 
diagram  w  h  nitric  and  sulfuric  acid  and  water  as  the  variables.  The  data 
obtained  indicates  and  narrows  the  region  of  greatest  promise  but  additional 
similar  type  data  would  permit  more  precise  selection  of  the  optimum  condi¬ 
tions.  All  information  and  experience  considered  good  operating  procedure 
tor  preparing  TEGDN  would  involve  the  following  conditions: 

1)  Temperature  of  nitration  :  10*C. 

2)  Composition  mixed  acid  72  mol  %  HNO3,  19  mol  %  H2SO> 

8  mol  ■}»  HgO  “  1 

3)  TEG/mixed  acid  [  12.  5  by  weight 

4)  Bate  of  addition  of  TEG  with  Rapidly  as  heat  exchange  permits 

agitation 

and  should  provide  a  yield  of  8071  or  better  without  quenching.  Our  production 
experience  has  shown  that  with  quenching  and  use  of  methylene  chloride  as  a 
solvent,  yields  up  to  95%  may  be  obtained, 

4  Spent  acid  from  nitrations  presents  several  significant  problems; 

1)  disposal  without  pollution  of  atmosphere  or  streams 

2)  possible  ,'umc-off  or  detonation  during  storage 
ol  economic  recovery  of  component  acids  . 


The  work  done  indicates  that  safe  stabilisation  of  the  (pent  acid  can 
be  achieved  by  the  addition  of  sulfuric  acid.  Nitric  acid  can  then  be  separated 
from  the  stabilized  rpent  acid  by  conventional  method*  but  the  low  concen¬ 
tration  of  nitric  acid  we  found  in  il.e  stabilised  spent  acid  complicates  the 
problem. 

Stabilisation  of  spent  acid  without  the  addition  of  eulfuric  acid  may  be 
accomplished  if  it  can  be  processed  immediately  by  the  controlled  decomposi¬ 
tion  as  described  in  Section  V  c  of  the  report. 

Since  about  4 3%  of  the  HNO3  used  it  found  In  the  product  layer,  an 
efficient  water  extraction  procedure  is  indicated  to  economically  recover 
nitric  acid. 

VU  RECOMMENDATIONS 

Due  to  the  fact  that  large  quantities  of  TEGDN  may  be  used  in  the 
nation's  solid  propellant  program  In  the  future  and  that  the  subject  contract 
was  not  significant  enough  in  funde  to  be  as  comprehensive  ae  desirable,  it 
is  recommended  that  the  study  of  TEG  nitration  be  extended  to  carry  out  a 
more  comprehensive  study  of  the  factors  investigated  in  this  report  and  to 
increase  the  scale  of  investigation  to  say  ten  pound  quantities  for  a  better 


engineering  evaluation. 
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ilsct  of  Pormnion,  Triethylant  Glycol: 

a,  Scar  ut  Cc>n;i"i«.;  \»CC  C-Oovlmtlr » t  Knaoutecnent) . 


\ 

*  c 


■'  O':  ‘r^*aal  ■' 

AM)'!  JO.!  7)  -  -3'>i .  2  V{--c 


b.  Combust  Ion  of  TEG: 

c6nu0.  -  o* - >  6  co?  4-  7  H,0 

c.  tats  r.  f  Pornintlor- 

vl)  M. ,  C0o  <g;  ■  *94.40  k8-cal/*n-n»l*  (Physical  CteM&atry- 
1  K*cOou«all) 

U)  H,,  !i  ,0  (I)  •  -68.36  kg-cal/gm-mole  (  "  "  > 

(3)  .  TEC  (1>  -  6(-Q4 .40)  *•  7 (-68. 36)  -  (-331.2) 

Mj.  trlcthylan*  glycol  (1)  *  -193.7 

2.  Heat  si:  Dt .'ration,  Tr iathyloaa  Glycol  Dlnitrata: 

».  Heat  of  OoMbustiCR,  TEGDN  (Picattnny  Ar stool  Tctb.  R^pt.  1740) 


H, 


-3.423  kp-.-cal/gra* 


-  (-3, 478)  (260.17)  -  -«?3.  3  kg-ct'./ffa-wol* 
b.  Combustion  of  TKGDN: 

i.  Hoot  of  roiTdAtlon; 


r  ~>r\ 


6  HO 

2 


TiJCON  (l)  -  6 (-94. 40)  +  6<-68.36)  -  (-323.3) 


**  -  IS3..<  k( j-wol/ga-Mbiu 


*‘19- 


AP?SSOrx  "a"  (Continued) 


3.  Scat  of  Raaclion; 

4.  Heat*  of  Fonaation: 

Ci)  H;.  Hi«0  *  \i)  >  -  - kg-cal/g«-Bcl»  (MacOougtll ) 
(i)  Hp,  r.jO  (J)  •  -  66.  36  kg-cal/ga-aol#  (HaeOougall) 
t.  Enaction: 

teo  +  ;  HZi&j  - - - »>  rgowj  +  2  b2o 

i .  Heat  >•  f  Raittion 

!!•  -  1.-193. ' >  -  ?(-u2.33)  -  (-153.3)  -  2(-68.36) 

i!*  -  -it. 6  kg-cai/g»-«ol«  of  TECOS  formad 
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APPKMSIK  "T>" 


VAKJR-UQUID  30‘JlLISmun  FOH  AQUKJUS  NITRIC  ACID 


140 

120  ..  . 

»*0 

90 

i 

31  L 

0  10  20  30  40 

M  Is  nuiara  boiling  point 


50  60  70  30  90  100 


122*C.  «od  682  nitric  acid 
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S  y  V  O  -O  y 


firmmx  -e" 


RELATIVE  ACTIVITY  OOimCIBTTS  Of  KUKD  ACIDt 


ro 


Data  from  Huugen  ud  Wat* on. 
Chemical  Procet*  Principle* 
Part  111,  Wiley  1947 


Nr  Cant  Hj  80^ 


Apreit&iX  “f 


x 

yo 

V 

3 

v 

*o 

4- 

< 

t 

C* 


aaramsp  p?  sagas 

Scccac  order  reaction  constant 

feTnsro  reactants  <tr«  present  in  equimolar  amounts,  the 
conrentrat ion  of  either  In  *  second  order  reaction 
.■icltr  coocantrar Ion  of  either  product  cf  a  second  orde: 

Tataporature,  absolute 

Equilibrium  constant  of  TRG- TECJffl  reaction  in  activity  .■ 

Astivitv  (effective  concentration)  of  a  substance  in  :  .  a-ju.'  i  1  ^ iua 
Equilibrium  constant  of  TSGH> -7KC&N  reaction  is  actlvl  Jcs 

Equilibrium  constant  of  TKG-7SGBK  reaction  expressed  1  act  tv  It  let 
Equilibrium  constant  T3G-TZCQK  reaction  in  term#  of  m  \*  itacr.ie.' 
Total  nuafeer  of  ascles  oi  all  substances  is  the  squilll  ties 
Hole  fraction  of  a  •lubstaaca  in  the  equilibrium 
Equilibrium  constant  of  the  TBC-TEGDi;  reaction  expressed  Ir,  sole 

fractions  virh  tbs  activity  of  the  "pseudo  nitric  acid'  substitueae 

for 

Th.»  effective  activity  of  the  nitric  acid  species  pratort  is  ih* 
equilibrium  at  e  particular  mined  acid  composition 
Hoi a.t  of  nitric  Acid  present  a t  the  beginning  of  the  j  .-action 
Holes  of  Sulfuric  held  at  the  beginning  of  the  reaction 
Hole.,  of  TEG  present  at  the  beginning  of  tha  react  to. 
bcla^  of  uatcr  present  at  tha  beginning  of  tha  raacti 
HcU  per  cent  of  a  reactant  at  the  beginning  of  the  r section 
Sole  per  cant  of  a  reactant  or  product 

tluob::r  of  aclos  of  all  substances  present  at  beginning  cf  reaction 
l.'unbrr  of  moles  of  »*GB!  formed  at  any  point  in  the  reasr’.uit 
Constant  of  equilibrium  for  the  TBG-TEGDK  reaction  u*«re  .-be  i  onrtas»t 
activity  of  TSCDSJ  Is  iocorporatad  into  He- 
Equilibrium  constant  of  the  sulfation  reaction  in  tetma  r>£  the 
activities  of  both  reactants  and  both  products 
Equilibrium  constant  of  the  sulfation  reaction  with  or  constant 
activity  of  the  sulfatu  incorporated  into  Re 

iqvi.ib  titan  'ocstact  for  ihc  sicultar.-'ous  equilibria  ':.■{■« er. 

^ub^tances  in  th*  sulfation  reaction  and  in  the  attrition  reacciot, 
llctUo statically:  :.e  tines  V,' 

Equilibrium  constant  for  the  simultaneous  equilibrium  o£  tall ailon 
i-iJ  nitration  reaction,  utter*  C'  is  iie  divided  by  i.‘ 

Gtjc  if  react  lx,  r.fsrt  vi  to  th-j  ground  state 
.  h.  universal  gas  constan- 
Constant  o’  Integration 
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FOR  ERRATA 


An  258  435 


THE  FOLLOWING  PAGES  ARE  CHANGES 

TO  BASIC  DOCUMENT 


i 

I 


August  16,  1961 


-  H4 

s 

! 


Commanding  Gifu: er 

U  S.  Army  Ordnance  District,  St.  Louis 
•}3t)'J  OoodfrtV jw  Boulevard 
St.  Louis  29,  Missouri 

Subject.  Errata  Sheet  -  Final  Report  dated  June  15,  1961 
Contract  DA-23-C72- SOl-OR D--4S 
Development  Study  for  Improvement  of  the  Manu¬ 
facturing  Process  for  Triethyleaeglycoldiniirate  (TEGDN) 


Page  27  Figure  5  is  incorrectly  labeled  Figure  6. 

Page  38  The  14th  item  (or  run)  from  top  of  page  should  be 
corrected  to  Acid  Mix  H  instead  of  15  and  run 
No.  15  where  there  ia  an  omission. 

Page  45  Line  8  should  refer  to  Section  IV  c  instead  ol  V  c 
as  shown. 


We  wish  to  thank  Pic&tinny  Arsenal  tor  pointing  out  these  errors  and 
hope  no  one  has  been  inconvenienced  to  a  great  extent. 


Propellex  Chemical  Division 
Chromalloy  Corporation 


R .  A.  Cooley 

RACidrd/w  Executive  Vice  President 


Distribution  list: 

Picaiinny  Arsenal  (10) 

Attn:  Purchasing  Office,  ORDBB-FB1 

Armed  Services  Technical  Information  Agency  (10) 
Chief  uf  Ordnanc  u,  OR  DIM- R  (1) 

Wright  Air  Development  Center  (1) 

Diamond  Ordnance  Fuse  Laboratory  (1) 

U  S.  Army  Ordnance  Dist.  ,  St.  Louis  (£> 


;  £■; ,\ 


August  16,  1961 


Ooir.n. anting  Officer 

G  S.  Army  Orclnas.i  e  District.,  St.  Louts 
1  JJO  Goodie  11  jw  Boulevard 
St.  Lotus  20,  Missouri 

Subject:  Errata  Sheet  -  Final  Report  dated  June  15,  1961 

Contract  DA-  23-072  -  Sul -OR D-48 
D?  velopmcr-.t  Study  for  Improvement  of  the  Manu¬ 
facturing  Process  for  Triethyler.p»,lyc»ldi:sitrate  (fEGDN) 


Page  Zi  Figure  5  is  .acorrectly  labeled  Figure  b. 

Page  53  The  14th  item  !or  r  ut)  from  top  of  page  should  he 
corrected  to  Atm  Iv.ix  H  instead  of  15  and  run 
No.  15  wh're  th e ■■  r  ta  an  omission. 

Page  45  Line  ft  should  refer  to  Section  IS'  c  instead  ol  V  c 
as  grown. 

We  wish  to  thank  Picatinny  Arsenal  for  pointing  out  these  errors  and 
hope  no  one  hag  been  inconvenienced  to  a  great  extent. 


Propeilex  Chemical  Division 
Chromalloy  Corporation 


RAC,'drd/w 
Distribution  list 


R.  A.  Cooley 
Executive  Vice  President 


Pic ati any  Arsenal  (10) 

Attn:  Purchasing  Ufiice,  ORDBI5-PS3 

Armed  Service*  7 '-clinical  Information  Agency  (10) 

Chief  ut  OiiuvitCc,  03D1V. ■  ft  (1) 

Wright  Air  Development  Center  (1) 

Diamond  Gruitai.cs  Fuze  Laboratory  (1) 

U  £.  Army  Ordnance  Dial.,  St.  Louis  (2/ 


